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DESCRIPTION 

METHODS OF DETECTING METHYL TRANSFERASE ACTIVITY 
AND METHODS OF SCREENING FOR METHYL TRANSFERASE 

ACTIVITY MODULATORS 

5 This application claims the benefit of U.S. Provisional Application Serial 

N0.6O/5385658 filed January 23, 2004, the contents of which are hereby incorporated by 
reference in its entirety. 

Technical Field 

The present invention relates to transcriptional regulation. 

10 Background Art 

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide 
and its incidence is gradually increasing in Japan as well as in United States (Akriviadis 
EA, et al., Br J Surg. 1998 Oct;85(10): 13 19-31). Although recent medical advances have 
made great progress in diagnosis, a large number of patients with HCCs are still diagnosed 
15 at advanced stages and their complete cures from the disease remain difficult In addition, 
patients with hepatic cirrhosis or chronic hepatitis have a high risk to HCCs, they may 
develop multiple liver tumors, or new tumors even after complete removal of initial tumors. 
Therefore development of highly effective chemotherapeutic drugs and preventive 
strategies are matters of pressing concern. 

20 Colorectal carcinoma is a leading cause of cancer deaths in developed countries. 

Specifically, more than 130,000 new cases of colorectal cancer in the United States are 
reported each year. Colorectal cancer represents about 1 5% of all cancers. Of these, 
approximately 5% are directiy related to inherited genetic defects. Many patients have a 
diagnosis of pre-cancerous colon or rectal polyps before the onset of cancer. While many 

25 small colorectal polyps are benign, some types may progress to cancer.The most widely 

used screening test for colorectal cancer is colonoscopy. This method is used to visualize a 
suspicious growth and/or take a tissue biopsy. Typically, the tissue biopsy is histologically 
examined and a diagnosis delivered based on the microscopic appearance of the biopsied 
cells. However, this method is limited in that it yields subjective results and can not be 

30 used for very early detection of pre-cancerous states. The development of a sensitive. 
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Specific and convenient diagnostic system for detecting very early-stage colorectal cancers 
or pre-malignant lesions is highly desirable as it could ultimately eliminate this disease. 

Summary o f the Invention 

The present invention is based in part on the discovery of the methyl transferase 

5 activity of ZNFN3 Al, a polypeptide which is involved in proliferation of cancer cells. 

Moreover, the methyl transferase activity of ZNFN3A1 is expressed in the presence of 90 

-kD heat shock protein (HSP90A). 

Accordingly, the invention features a method of measiiring methyl transferase 

activity by contacting a polypeptide of the invention with a methyl transferase substrate 

10 and a co-factor under conditions suitable for methylation of the substrate and detecting the 
methylation level of the substrate. The polypeptide of the invention is a ZNFN3 Al 
polypeptide or functional equivalent thereof. For example, a polypeptide of the invention 
may comprise the amino acid sequence of SEQ ID NO: 5 1 . Alternatively, the 
polypeptides of the invention can include an amino acid sequence of SEQ ID NO: 51 

1 5 where one or more amino acids are substituted, deleted, or inserted and the polypeptide has 
a biological activity of the polypeptide of SEQ ID NO:51. Biological activity of the 
polypeptide of SEQ ED No:51 includes for example the promotion of cell proliferation and 
the transcriptional activation of target genes. Additionally, the polypeptide includes a 428- 
amino acid protein encoded by the open reading frame of SEQ ID NO:50 or a 

20 polynucleotide that hybridizes xmder stringent conditions, e.g., low or high, to the 

nucleotide sequence of SEQ ID. NO:50 and has a biological activity of SEQ. ID NO:5 1 . A 
low stringent condition is, for example, 42°C, 2X SSC, 0.1% SDS, or preferably 50°C, 2X 
SSC, 0.1% SDS. Preferably, a high stringent conditions is used. A high stringent 
condition is, for example, washing 3 times in 2X SSC, 0.01% SDS at room temperature for 

25 20 min, tiien washing 3 times in Ix SSC, 0.1% SDS at 3TC for 20 min, and washing twice 
in Ix SSC, 0. 1% SDS at 50°C for 20 min. However, several factors such as temperature 
and salt concentration can influence the stringency of hybridization and one skilled in the 
art can suitably select the factors to achieved the requisite stringency. Optionally, the 
polypeptide is further contacted with 90-kD heat shock protein. Methylation is dejSned as 

30 the catalysis of the transfer of a methyl group to an another compound, e.g., acceptor 

molecule. Methylation is detected by methods such as using a radioactive methyl donor. 
The substrate is any compoimd capable of accepting a methyl group such as a protein, a 
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nucleic acid (RNA or DNA) or a small molecule. For example, the substrate is a histone or 
a fragment of a histone containing the methylation region. Actually, it is conJSrmed that 
histone H3 lysine 4 can be methylated by ZNFNS Al . Therefore, histone H3, or the 
fragment thereof containing lysine 4, is useful as the substrate. The co-factor, e.g., the 
5 methyl donor, is any compound capable of donating a methyl group. For example, the co- 
factor is iS-adenosyl-L-methionine. Suitable conditions for methylation include for 
example basic buffer conditions know in the art such as Tris-HCL 

The invention further provides methods of identifying an agent that modulates (e.g., 
increases or decreases) methyl transferase activity by contacting a polypeptide of the 

1 0 invention with a methyl transferase substrate and a co-factor xmder conditions suitable for 
methylation of the substrate in the presence of a test agent and determining the methylation 
level of the substrate. A decrease of the level of methylation compared to a normal control 
methylation level indicates that the test agent is an inhibitor of methyl transferase activity. 
Compounds that inhibit (e.g., decreases) methyl transferase activity are useful for treating, 

15 preventing or alleviating a symptom of colorectal cancer or heptaocellualar carcinoma. 
For example, the compounds inhibit the proliferation of cancer cells. Alternatively, an 
increase of the level or activity compared to a normal control level indicates that the test 
agent is an enhancer of methyl transferase activity. By normal control level is meant a 
level of methylation of a substrate detected in the absence of the test compound. 

20 The invention provides a method for screening a compound for treating colorectal 

cancer or hepatocellular carcinoma by contacting a polypeptide with a heat, shock protein 
90A (HSP90A) polypeptide in the presence of a test agent and detecting binding between 
the polypeptide and HSP90A. The binding of the polypeptide and HSP90A in the presence 
of the test compoimd compared to the absence of the test compound. Test compoxmds 

25 which decrease the binding of the polypeptide and HSP90A are selected. Binding of the 
polypeptide and HSP90A is defined as a non-covalent association between the polypeptide 
and HSP90A. Binding is measures by methods known in the art such as a yeast two- 
hybrid screening system. 

The invention also encompasses compositions and methods for alleviating a 

30 symptom of a colorectal cancer or hepatocellular carcinoma by contacting a colorectal 
cancer cell or hepatocellular carcinoma cells with a compound identified as described 
above. For example, a method of treating a either or both of colorectal cancer and 
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hepatocellular carcinoma is carried out by administering to a mammal, e.g. a human patient 
having been diagnosed with such a disease state, with a composition containing a 
pharmaceutically effective amoimt of the compoimd identified as described above and a 
pharmaceutical carrier. 

5 The invention also provides a kit for detecting methyl transferase activity of a 

compound with a methyl transferase polypeptide, a substrate, a cofactor, and HSP90A. 
The reagents are packaged together in the form of a kit The reagents are packaged in 
separate containers, e.g., a methyl transferase polypeptide of the invention, substrate, co- 
factor, a control reagent (positive and/or negative), and/or a detectable label. Another 

1 0 embodiment of the invention is a kit for detecting the activity of a test compoxmd to 

regulate the methyltransferase activity, and/or binding between ZNFN3A1 polypeptide of 
the invention and heat shock protein 90 A polypeptide (HSP90A). The kit includes . 
ZNFN3A1 polypeptide or fragment thereof and an HSP90A polypeptide. In some aspects 
of the embodiment ZNFN3 A 1 is a polypeptide, preferably a recombinant polypeptide, 

15 comprising an amino acid sequence having a SET domain of native ZNFN3 Al . 

Furthermore^ the invention also provides a kit for screening for a compoimd for treating 
colorectal cancer or hepatocellular carcinoma, said kit comprising the components of a 
polypeptide comprising an contiguous amino acid sequence that selected from the amino 
acid sequence of SEQ ID NO : 5 1 , and wherein the amino acid sequence comprises either 

20 or both of NHSCDPN (SEQ ID NO:52) and GEELTICY (SEQ ID NO:53); and S- 
adenosyl-L-methyonine. Instructions (e.g., written, tape, VCR, CD-ROM,, etc.) for 
carrying out the assay are included in the kit The assay format of the kit is a transferase 
assay or binding assay known in the art. 

Unless otherwise defined, all technical and scientific terms used herein have the 

25 same meaning as commonly landerstood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, suitable 
methods and materials are described below. All publications, patent applications, patents, 
and other references mentioned herein are incorporated by reference in their entirety. In 

30 case of conflict, the present specification, including definitions, will control. In addition, 
the materials, methods, and examples are illustrative only and not intended to be limiting- 
Brief Description of the Drawings 

Figure 1 A is an illustration depicting conserved sequences in the SET domains of 
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methyl transferases. 

Figure IB is a photograph of a SDS-PAGE gel showing the interaction between 
wild-type ZNFN3A1 and S-adenosyl-L-methyonine (SAM). Equal amount of wild-type or 
mutant ZNFN3 Al (arrowhead) was incubated with [^H]-labeled SAM (top panel). SAM- 
associated ZNFN3 Al (arrowhead) was detected by fluorogram (bottom panel). 

Figure IC is a photograph of a In vitro HMTase assay of SET-domain of 
Z3SfFN3 Al with/without recombinant HSP90A. SET7 served as a control. 

Figure 2A is a photograph of a in vitro histone EQ-K4 methyltransferasease assay. 
Histone H3 was incubated with vsdld-type or mutant ZNFN3A1, or SET7 in the presence 
SAM and HSP90A. 

Figure 2B is a photograph of showing inhibition of H3-K4 di-methylation by the 
addition of specific peptides to di-methylated H3-K4. 

Figure 2C is a photograph of a in vitro histone H3-K9 methyltransferasease assay. 
SUV39H1 served as a positive control. 

Figure 3A is a photograph of a SDS-PAGE gel showing the detection of 
immimoprecipitated and recombinant ZNFN3 Alprotein by CBB-staining. Lane 1 . protein 
marker 1, Lane 2. protein marker2. Lane 3. immunoprecipitated Flag-tagged ZNFN3A1, 
Lane 4. recombinant ZNFN3A1 protein. Lane 5, albxmiin (1 |ig), Lane 6. albumin (2 (ig). 
Lane 7. albimiin (5 jj.g). 

Figure 3B is a photograph of a depicting in vitro histone H3 HMTase activity of 
immimoprecipitated Flag- ZNFN3 Al and recombinant ZNFN3A1 protein. 

Figure 3C is a photograph of a depicting di-methylated (upper panel) and tri- 
mefhylated (lower panel) histone H3-K4 by immimoprecipitated Flag- ZNFN3 Al or 
recombinant ZNFN3 Al protein. 

Figure 3D is a bar chart showing the effect of SAHH on the HMTase activity of 
ZNFN3A1. 

Figure 4A is a bar chart showing the effect of oncogenic activity of ZNFN3 Al in 
HEK293 cells. Niamber of viable cells was measured by Cell Counting Kit-8 at Day 14 
after the transfection. *, a significant difference (p < 0.05) determined by a Fisher's 
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protected least-significant test 

Figure 4B is a bar chart showing the effect of oncogenic activity of ZNFN3A1 in 
HCTl 16 cells. Number of viable cells was measiu'ed by Cell Counting Kit-8 at Day 14 
after the transfection. *, a significant difference (p < 0.05) determined by a Fisher's 
5 protected least-significant test 

Figure 5 A is a bar chart showing the cell viability of colon cancer lines were 
measured by Cell Coimting Kit-8 14 days after transfection of plasmids. Cells were 
selected with 0.5 [ag/jil G418-containing McCoy's medium for HCT116, 1.0 |ag/M.l G418- 
containing L-15 medium for SW948. a significant difference (p < 0.05) determined by a 
1 0 Fisher 's protected least-significant test. 

Figure 5B is a bar chart showing the cell viability of hepatoma cell lines were 
measured by Cell Counting Kit-8 14 days after transfection of plasmids. Cells were 
selected with 1.0 \ig/\xl G418-containing DMEM for HepG2, 0.8 ^g/^l G418-containing 
DMEM for Huh7 and Alexander, *, a significant difference (p < 0.05) determined by a 
15 Fisher's protected least-significant test. 

Figure 6 A is a photograph of a showing exogeneous expression of ZNFN3 Al in 
HEK293 cells. Time-dependent expression of ZNFN3A1 in cells transfected with pcDNA 
(Mock) or pcDNA-ZNFNBAl was examined by westem blot analysis. 

Figure 6B is a photograph of a showing expression of candidate downstream 
20 genes in response to exogenous ZMTNTSAl. Senai-quantitative RT-PCR analysis was 

performed using RNA fi-om HEK293 cells transfected with pcDNA-ZNFN3 Al or mock. 

Figure 7 A is an illustration depicting the putative ZNFN3A1 -binding sequences in 
the 5'-flanking region of Nhc2.8. The HSP90A-dependent transactivation of N1oc2.8 by 
ZNFN3A1 express through its interaction with putative binding sequences. 

25 Figure 7B is a photograph of a depicting identification of ZNFN3A1 -binding 

elements in the Nkx2. 8 promoter region by ChIP assay. 

Figure 7C is a bar chart depicting the results of an in vitro binding assay between 
recombinant GST-ZNFN3A1 and a double-stranded DNA probe containing the ZNFN3A1- 
binding element (ZBE). 

30 Figure 7D are bar charts showing transcriptional assay of Nkx2,8 containing wild- 
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type or mutant ZNIvNS A 1 -binding element (ZBE) in the presence or absence of 
ZNFN3Al-siRNA in HCC cells. 

Figure 7E is a photograph of a gel showing expression of Nkx2, 8 in response to 
exogeneons expression of wild-type (lane 2 and 3) or mutant (lane 4 and 5) ZNFN3A1 in 
5 HEK293 cells. Addition of HSP90A-specific inhibitor, geldanamycin, diminished the 
enhanced expression of Nkx2.8 caused by wild-type ZNFN3A1 (lane 3). 

Figure 7F is a bar chart showing the effect of wild-type or mutant ZNFN3 Al on 
the luciferase activity in HEK293-Nkx2.8Luc cells that contain integrated Nkx2.8 
promoter-luciferase gene in the genome. 

1 0 Figure 8 A is a photograph of a showing interaction between endogeneous 

ZNFN3A1 and the ChIP-4 region of Nkx2.8 in hepatoma cells. 

Figure SB is a photograph of a showing interaction between di-methylated histone 
H3 lysine 4 (H3-K4) and the ChrP-4 in the presence of ZNFN3A1 m HEK293 cells. 

Detailed Description of the Invention 
1 5 The present invention is based in part on the discovery of a novel histone methyl 

transferase, ZNFN3 Al, which is involved in proliferation of cancer cells. The histone 

methyl transferase activity of ZNFN3 Al is expressed in the presence of 90-kD heat shock 

protein (HSP90A), thus HSP90A plays a role in for a histone methyl transferase activity. 

ZNFN3A1 expression is markedly elevated in colorectal carcinoma and 

20 hepatocellular carcinome (HCCs) compared to non-cancerous liver and colorectal tissues 
(WO 03/27143). The ZNFN3AJ cDNA consists of 1622 nucleotides that contain an open 
reading frame of 1284 nucleotides as set forth in SEQ. ID. NO.:50. The open reading 
frame encodes a 428-amino acid protein with a zinc finger motif and a SET domain, as 
shown in SEQ. ID. NO.:51, The subcellular localization of ZNFN3A1 protem is altered 

25 during cell cycle progression and by the density of cultured cells. ZNFN3 Al protein 

accvtmulates in the nucleus when cells are in middle to late S phase or cultured in sparse 
conditions. Whereas, ZNFN3 Al protein localizes in the cytoplasm as well as in the 
nucleus when cells are in other phases of the cell cycle or grown in a dense condition. 

ZNFN3A1 contains a SET domain defined by two conserved amino acid sequences, 

30 '^SCXXN" (SEQ ID N0:54) and "GEELXXXY" (SEQ ID NO:55). (Fig. lA) Genes 
which encode proteins with a SET domain(s) are classified into four families, namely 
SUV39, SETl, SET2 and RIZ families according to the homology of then: SET domains. 
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The SET domain of ZNFN3A1 does not contain any pre-SET, post-SET, AWS, SANT or 
C2H2 domains, which are conserved in these subfamilies, thus ZNFN3 Al may constitute a 
new class of subfamily of SET domain proteias. 

ZNFN3 Al directly associates with a RNA helicase KIAA0054, and forms a 
5 complex with RNA polymerase n, which activates transcription of downstream genes 
including epidermal growth factor receptor (EGFR) through a direct binding of the 
complex with an element of "(QCCCTCCCT)" in the 5' flanking region of the EGFR gene. 
Moreover, ZNFN3A1 has been shown to associate with RNAheUcase (HELZ) and 90-kD 
heat shock protein (HSP90A). 

10 Exogenous expression of ZNFN3A1 into NIH3T3 cells resulted in increased cell 

growth. In contrast, suppression of its expression with antisense S-oligonucleotides 
resulted in a significant growth-inhibition of tiepatoma cells. Furthermore, it was 
confirmed that siRNA of ZNFN3A1 can also inhibit the proliferation of hepatoma cells 
and corolectal adenocarcinomas (WO2004/76623). These findings indicate that ZNFN3A1 

15 renders oncogenic activities to cancer ceUs by transcriptional activation of target genes 
including EGFR through a complex with RNA helicase and RNA polymerase n, and that 
inhibition of the activity of the complex is a strategy for the treatment of colorectal 
carcinoma and hepatocellular carcinoma. Deregulation of other SET domain proteins have 
been shown to be involved in human neoplasms. For example in human leiokemia, 

20 firequent translocations are observed in MLL ( 1 0, 1 1), the human homolog of Drosophila 
trithorax gene that belongs to SETl family. Although it is unclear whether loss or gain of 
MLL function is responsible for the oncogenesis, MLL activates transcription of the /fox 
gene through H3 lysine 4-specific methylation mediated by methylase activity of the SET 
domain (12) through its direct binding to the Ho^ promoter sequences. MLL2 and EZH2^ 

25 two members of SETl family are amplified in pancreatic cancers, gliomas, or hormone- 
refractory, metastatic prostate cancers (13-15). 

The invention thus provides a method of screening for a compound that modulates 
ZNFN3 Al methyltransferase activity. The method is practiced by contacting a ZNFN3 Al 
polypeptide or fimctional equivalent thereof having methyl transferase activity with one or 

30 more candidate compounds, and assaying methyl transferase activity of the contacted 
ZNFN3 Al or the fimctional equivalent, A compound that modulates methyl transferase 
activity of the ZNFN3 Al or fimctional equivalent is thereby identified. 
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In the present invention, the term "functionally equivalent" means that the subject 
protein has the same or substantially the same methyl transferase activity as ZNFN3 Al . In 
particular, the protein catalyzes the methylation of histone H3 or a fragment of histone H3 
comprising lysine 4. Whether a subject protein has the target activity can be determined by 
5 the present invention. Namely, the methyl transferase activity can be determined by 

contacting a polypeptide with a substrate (e.g., histone H3 or fragment comprising lysine 
4) and a co-factor (e.g., iS-adenosyl-L-methionine) under conditions suitable for 
methylation of the substrate and detecting the methylation level of the substrate. 

Methods for preparing proteins ftmctional equivalent to a given protein are well 

1 0 known by a person skilled in the art and include known methods of introducing mutations 
into the protein. For example, one skilled in the art can prepare proteins functional 
equivalent to the human ZNFN3 Al protein by introducing an appropriate mutation in the 
amino acid sequence of the human ZNFN3A1 protein by site-directed mutagenesis 
(Hashimoto-Gotoh, T. et al. (1995), Gene 152, 271-275; ZoUer, MJ, and Smith, M. (1983), 

15 Methods EnzymoL 100, 468-500; Kramer, W. et al. (1984), Nucleic Acids Res. 12, 9441- 
9456; Kramer W, and Fritz HJ. (1987) Methods. Enzymol. 154, 350-367; Kunkel, TA 
(1985), Proc. Natl. Acad. Sci. USA. 82, 488-492; Kunkel (1988), Methods Enzymol. 85, 
2763*2766). Amino acid mutations can occur in nature, too. The protein used in the 
present invention includes those proteins having the amino acid sequences of the human 

20 ZNFN3 Al protein in which one or more amino acids are mutated, provided the residting 
mutated proteins are functional equivalent to the human ZNFN3 Al protein. The number 
of amino acids to be mutated in such a mutant is generally 1 0 amino acids or less, 
preferably 6 amino acids or less, and more preferably 3 amino acids or less. The SET- 
domain ''NHSCXXN" (SEQ ID NO:54) and "GEELXXXV (SEQ ID NO:55)may be 

25 conserved in the amino acid sequence of the mutated proteins for maintain the methyl 
transferase activity ("X" indicates any amino acid). 

Mutated or modified proteins, proteins having amino acid sequences modified by 

4 

deleting, adding and/or replacing one or more amino acid residues of a certain amino acid 
sequence,, have been known to retain the original biological activity OMEark, D. F. et aL, 
30 Proc. Natl. Acad. Sci. USA (1 984) 8 1 , 5662-5 666, ZoUer, M. J. & Smith, M., Nucleic 

Acids Research (1982) 10, 6487-6500, Wang, A. et al.. Science 224, 1431-1433, Dalbadie- 
McFarland, G etal., Proc. Natl. Acad. Sci. USA (1982) 79, 6409-6413). 
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The amino acid residue to be mutated is preferably mutated into a different amino 
acid in which the properties of the amino acid side-chain are conserved (a process known 
as conservative amino acid substitution). Examples of properties of amino acid side chains 
are hydrophobic amino acids (A, I, L, F, P, W, Y, V), hydrophilic amino acids (R, D, 
5 C, E, Q, Q H, K, S, T), and side chains having the following functional groups or 
characteristics in common: an aliphatic side-chain (Q A, V, I, P); a hydroxyl group 
containing side-chain (S, Y); a sulfur atom containing side-chain (C, M); a carboxylic 
acid and amide containing side-chain (D, N, E, Q); a base containing side-chain (R, H); 
and an aromatic containing side-chain (H, F, Y, W). Note, the parenthetic letters indicate 
10 the one-letter codes of amino acids. 

An example of a protein to which one or more amino acids residues are added to 
the amino acid sequence of hximan ZNFN3A1 protein (SEQ ID NO: 51) is a fusion protein 
containing the human ZNFN3A1 protein. Fusion proteins are, fusions of the himaan 
ZNFN3 Al protein and other peptides or proteins, and are used in the present invention. 
1 5 Fusion proteins can be made by techniques well known to a person skilled in the art, such 
as by linking the DNA encoding the human ZNFN3A1 protein of the invention with DNA 
encoding other peptides or proteins, so that the frames match, inserting the fusion DNA 
into an expression vector and e?qpressing it in a host. There is no restriction as to the 
peptides or proteins fused to the protein of the present invention. 

20 Known peptides that can be used as peptides that are fused to the ZNFN3A1 

protein include, for example, FLAG (Hopp, T.P, et aL, Biotechnology (1988) 6, 1204- 
1210), 6xHis containing six His (histidine) residues, lOxHis, Influencza agglutinin (HA), 
human c-myc jBragment, VSP-GP fragment, plSHIV fragment, T7-tag, HSV-tag, E-tag, 
S V40T antigen fragment, Ick tag, a-tubulin fragment, B-tag, Protein C fragment, and the 

25 like. Examples of proteins that may be fused to a protein of the invention include GST 

(glutathione-S-transferase), Influenza agglutinin (HA), immunoglobulin constant region, P- 
galactosidase, MBP (maltose-binding protein), and such. 

Fusion proteins can be prepared by fusing comonercially available DNA, encoding 
the fusion peptides or proteins discussed above, with the DNA encoding the protein of the 
30 present invention and expressing the fused DNA prepared. 

An alternative method known in the art to isolate functional equivalent proteins is. 
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for example, the method using a hybridization technique (Sambrook, J. et al.y Molecular 
Cloning 2nd ed. 9.47-9.58, Cold Spring Harbor Lab. Press, 1989). One skilled in the art 
can readily isolate a DNA having high homology with a whole or part of the ZNFN3A1 
DNA sequence (e.g., SEQ ID NO: 50) encoding the humaji ZNFN3A1 protein, and isolate 
5 functional equivalent proteins to the human ZNFN3 Al protein from the isolated DNA. 
The proteins used for the present invention include those that are encoded by DNA that 
hybridize with a whole or part of the DNA sequence encoding the himian ZNFN3 Al 
protein and are functional equivalent to the human ZNFN3 Al protein. These proteins 
include mammal homologues corresponding to the protein derived from human or mouse 
10 (for example, a protein encoded by a monkey, rat, rabbit and bovine gene). In isolating a 
cDNA highly homologous to the DNA encoding the human ZNFN3 Al protein from 
animals, it is particularly preferable to use tissues from skeletal muscle, testis, HOC, or 
colorectal tumors. 

The condition of hybridization for isolating a DNA encoding a protein functional 
15 equivalent to the himian ZNFN3A1 protein can be routinely selected by a person skilled in 
the art. For example, hybridization may be performed by conducting prehybridization at 
68°C for 30 mm or longer using "Rapid-hyb buffef' (Amersham LIFE SCIENCE), adding 
a labeled probe, and warming at 68°C for 1 hour or longer. The following washing step 
can be conducted, for example, in a low stringent condition. A low stringent condition is, 
20 for example, 42°C, 2X SSC, 0.1% SDS, or preferably 50°C, 2X SSC, 0.1% SDS. More 
preferably, high stringent condition is used. A high stringent condition is, for example, 
washing 3 times in 2X SSC, 0.01% SDS at room temperature for 20 min, then washing 3 
times in Ix SSC, 0.1% SDS at 37''C for 20 min, and washing twice in Ix SSC, 0.1% SDS 
at 50^C for 20 min. However, several factors such as temperature and salt concentration 
25 can influence the stringency of hybridization and one skilled in the art can suitably select 
the factors to achieved the requisite stringency. 

In place of hybridization, a gene amplification method, for example, the 
polymerase chain reaction (PCR) method, can be utilized to isolate a DNA encoding a 
protein functional equivalent to the human ZNFN3A1 protein, using a primer synthesized 
30 based on the sequence information of the DNA (SEQ ED INTO: 50) encoding the hxmian 
ZNFN3 Al protein (SEQ ID NO: 51). 
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Proteins that are functional equivalent to the human ZNFN3A1 protein encoded by 
the DNA isolated through the above hybridization techniques or gene amplification 
techniques, normally have a high homology to the amino acid sequence of the hu m a n 
ZNFN3 Al protein. 'High homology" (also referred to as "high identity") typically refers 
5 to the degree of identity between two optimally aligned sequences (either polypeptide or 
polynucleotide sequences). Typically, high homology or identityrefers to homology of 
40% or higher, preferably 60% or higher, more preferably 80% or higher, even more 
preferably 85%, 90%, 95%, 98%, 99%, or higher. The degree of homology or identity 
between two polypeptide or polynucleotide sequences can be determined by following the 
10 algorithm in "Wilbur, W. J. and Lipman, D. J. Proc. Natl. Acad. Sci. USA (1983) 80, 726- 
730". 

A protein useful in the context of the present invention may have variations in 
amino acid sequence, molecular weight, isoelectric point, the presence or absence of sugar 
chains, or form, depending on the cell or host used to produce it or the purification method 
15 utilized. Nevertheless, so long as it has a fimction equivalent to that of a human ZNFN3A1 
protein (SEQ ID NO: 51), it is usefiil in the present invention. 

The proteins useful in the context of the present invention can be prepared as 
recombinant proteins or natural proteins, by methods well known to those skilled in the art. . 
A recombinant protein can be prepared by inserting a DNA , which encodes the protein of 

20 the present invention (for example, the DNA comprising the nucleotide sequence of SEQ 
ID NO: 50), into an appropriate expression vector, introducing the vector into an 
appropriate host cell, obtaining the extract, and purifying the protein by subjecting the 
extract to chromatography, for example, ion exchange chromatography, reverse phase 
chromatography, gel filtration, or affinity chromatography utilizing a column to which 

25 antibodies against the protein of the present invention is fixed, or by combining more than 
one of aforementioned columns. 

Also when the protein useful in the context of the present invention is expressed 
within host cells (for example, animal cells and E. colt) as a fiision protein with 
glutathione-S-transferase protein or as a recombinant protein supplemented with multiple 
30 histidines, the expressed recombinant protein can be purified using a glutathione colmnn or 
nickel column. 
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After purifying the fiision protein, it is also possible to exclude regions other than 
the objective protein by cutting with thrombin or factor-Xa as required. 

A natural protein can be isolated by methods known to a person skilled in the art, 
for example, by contacting the affinity colimin, in which antibodies binding to the 
5 ZNFN3 Al protein described below are bound, with the extract of tissues or cells 
expressing the protein of the present invention. The antibodies can be polyclonal 
antibodies or monoclonal antibodies. 

In the present invention, methyl transferase activity of a 2NFN3 Al polypeptide can 
be detenmned by methods known in the art. For example, the ZNFN3A1 and a substrate 

10 can be incubated with a labeled methyl donor, imder suitable assay conditions. A histone 
H3, histone H3 peptide, and S-adenosyl-[methyl-^'^C]-L-methionine, or S-adenosyl- 
[methyl- H]-L-methionine preferably can be used as the substrate and methyl donor, 
respectively. Transfer of the radiolabel to the histone or histone peptide can be detected, 
for example, by SDS-PAGE electrophoresis and fluorography. Altematively, following the 

15 reaction the histone or histone peptides can be separated from tlie methyl donor by 

filtration, and the amount of radiolabel retained on the filter quaxititated by scintillation 
counting. Other suitable labels that can be attached to methyl donors, such as chromogenic 
and fluorescent labels, and methods of detecting transfer of these labels to histones and 
histone peptides, are known in the art. 

20 Altematively, methyl transferase activity of ZNFN3A1 can be determined using an 

imlabeled methyl donor (e.g. S-adenosyl-L-methionine) and reagents that selectively 
recognize methylated histones or histone peptides. For example, after iacubation of the 
ZNFN3A1, substrate to be methylated and methyl donor, under the condition capable of 
methylation of the substrate, methylated substrate can be detected by immimological 

25 method. Any immimological techniques using an antibody recognizing methylated 
substrate can be used for the detection. For example, an antibody against methylated 
histone is commercial available (abeam Ltd.). ELISA or Immunoblotting with antibodies 
recognizing methylated histone can be used for the present invention. 

instead of using antibodies, methylated histones can be detected using reagents that 
30 selectively bind methylated histones with high affinity. Such reagents are known in the art 
or can be determined by screening assays known in the art. An exemplary binding reagent 
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is heterochromatm protein HP 1 , which binds histone H3 when methylated at lysine 4 (H3- 
K4). HPl, or a binding fragment thereof, can be labeled, and the HPl or fragment bound to 
methylated H3-K4 detected. Alternatively, the HPl or fragment need not be labeled, and 
can instead be detected using an anti-HP 1 antibody in an ELISA assay, 

5 In the present invention, an agent enhancing the methylation of the substance can 

be used. For example, H3 methyltransferase activity of Flag-tagged ZNFN3A1 was 
significantly higher in the presence of S-adenosyl homocysteine hydrolase (S AHH) than 
the absence of SAHH (Figure 3d). Thus, SAHH or functional equivalent thereof are 
preferable enhancing agent for the methylation. The agent enhances the methylation of 
10 the substance, the methyltransferase activity can be determined with higher sensitivity 
thereby. ZNFN3 Al may be contacted with substrate and cofactor imder the existence of 
the enhancing agent. 

Various low-throughput and high-throughput enzyme assay formats are known in 
the art and can be readily adapted for detection or measuring of methyl transferase activity 

15 of ZNFN3A1 . For high-throughput assays, the histone or histone peptide substrate can 
conveniently be immobilized on a solid support, such as a multiwell plate, slide or chip. 
Following the reaction, the methylated product can be detected on the solid support by the 
methods described above. Alternatively, the methyl transferase reaction can take place in 
solution, after which the histone or histone peptide can be immobilized on a solid support, 

20 and the methylated product detected. To facilitate such assays, the solid support can be 
coated with streptavidin and the histone labeled with biotin, or the solid support can be 
coated with anti-histone antibodies. The skilled person can determine suitable assay 
formats depending on the desired throughput capacity of the screen. 

ZNFN3 Al or the functional equivalent requires heat shock protein 90A (HSP90A) 
25 for expressing the methyl transferase activity. Therefore, a compound that interferes 
binding between ZNFN3 Al or the functional equivalent and HSP90A is iiseftil for 
modulation of the methyl transferase activity. The compound can be screened through the 
following method. Thus, the present invention also provides a method of screening for a 
compound for treating colorectal cancer or hepatocellular carcinoma, said method 
30 comprising the steps of: 

a. contacting a polypeptide selected from the group consisting of: 
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i. a polypeptide comprising the amino acid sequence of SEQ ED NO: 5 1 ; 

ii. a polypeptide comprising the anodno acid sequence of SEQ ID NO: 5 1 
wherein one or more amino acids are substituted, deleted, or inserted and 
said polypeptide has a biological activity equivalent to the polypeptide 

5 consisting of the amino acid sequence of SEQ ID NO: 5 1 ; 

iii. a polypeptide that comprises the amino acid sequence having at least about 
80% homology to SEQ ID NO: 51; and 

iv. a polypeptide encoded by a polynucleotide that hybridizes under stringent 
conditions to a polynucleotide consisting of the nucleotide sequence of SEQ 

10 ID NO: 50, wherein the polypeptide has a biological activity equivalent to a 

polypeptide consisting of the amino acid sequence of SEQ ID NO: 51; 
with a heat shock protein 90A polypepetide (HSP90 A) in the presence of a test 
compoiind; 

b. detecting binding between the polypeptide and HSP90A; 
15 c. comparing the binding of the polypeptide and HSP90A in the presence of the 

test compound with that in the absence of the test compoxmd, and 
d. selecting a test compound which decreases the binding of the polypeptide and 

HSP90A. 

In the present invention, the binding of the polypeptide and HSP90A can be 
20 detected via any suitable method known to those of skill in the art. For example, either of 
the polypeptide and HSP90A can be bound to soUd support, and the other can be labeled 
with labeling substances for detection. Labeling substances such as radioisotope (e.g., ^H, 
^"^C, ^^P, ^^P, ■'^S, ^^^I, ^^^I), enzymes (e.g., alkaline phosphatase, horseradish peroxidase, P- 
galactosidase, p-glucosidase), fluorescent substances (e.g., fluorescein isothiosyanete 
25 (FITC), rhodamine), and biotin/avidin, may be used for the labeling of a polypeptide or 
HSP90A in the present method. Methods for detection of the labeling substances are well 
known. 

The present invention also encompasses the use of partial peptides of a protein of 
the present invention. A partial peptide has an anwno acid sequence specific to the protein 
30 of the ZNFN3A1 and consists of less than about 400 amino acids, usually less than about 
200 and often less than about 100 anoino acids, and at least about 7 amino acids, preferably 
about 8 amino acids or more, and more preferably about 9 amino acids or more. The 



wo 2005/071102 PCT/JP2005/001172 

- 1 6 - 

partial peptide can be used, for example, for the screening for a compound that binds to the 
protein of the ZNFN3A1, and screening for inhibitors of the binding between ZNFN3A1 
and co-factor thereof such as SAM. The partial peptide containing the SET-domain 
preferably used for these screening. 

5 A partial peptide used for the invention can be produced by genetic engiineering, by 

known methods of peptide synthesis, or by digesting the protein of the invention with an 
appropriate peptidase. For peptide synthesis, for example, solid phase synthesis or liquid 
phase synthesis may be used. 

The ZNFN3 Al mutant having the mutation of SET-domain shows inhibitory effect 
10 for the cell proliferation (Figure 4 or 5). Therefore, the partial peptide of ZNFISfSAl 
preferably includes tiie SET-domain ^^SCXXN" (SEQ ID NO:54) and/or 
"GEELXXXY" (SEQ ID NO:55). 

In a further embodiment of the method for screening a compound for treating or 
preventing HCC or colorectal cancer of the present invention, the method utiUzes the 

15 binding ability of ZNFN3A1 to co-factor thereof, such as SAM. The proteins liaving a 
mutation in the SET-domain which binds to S-adenosyl-L-methyonine inhibits the cell 
proliferation of cancer. These findings suggest that the ZNFN3 Al exerts the function of 
cell proliferation via its binding to molecules, such as S-adenosyl-L-methyonirie. Thus, the 
inhibition of the binding between the ZNFN3A1 and the co-factor thereof leads to the 

20 suppression of cell proliferation, and compounds inhibiting the binding serve as 
pharmaceuticals for treating or preventing a HCC or colorectal cancer. 
This screening method includes the steps of: 

a. contacting a polypeptide comprising an a contiguous amino acid sequence from the 
amino acid sequence of SEQ ID NO: 51, and wherein the amino acid seqLuence 

25 comprises eitiier or both of NHSCDPN (SEQ ID NO:52) and GEELTICY (SEQ ID 

NO:53), with an S-adenosyl-L-methyonine in the presence of a test compound; 

b. detecting binding between the polypeptide and S-adenosyl-L-methyonine; 

c. comparing the binding of the polypeptide and S-adenosyl-L-methyonine in the 
presence of the test compoxmd with that in the absence of the test compoimd, and 

30 d. selectmg a test compound which decreases the binding of the polypeptide and S- 

adenosyl-L-methyonine. 
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The polypeptide to be used for the screening may be a recombinant polypeptide or 
a protein derived from the nature, or may also be a partial peptide thereof so long as it 
retains the binding ability to S-adenosyl-L-methyonine. The polypeptide to be used in the 
screening can be, for example, a purified polypeptide, a soluble protein, a form bound to a 
carrier, or a fusion protein fused with other polypeptides. 

Any test compound, for example, cell extracts, cell culture supernatant, products of 
fermenting microorganism, extracts from marine organism, plant extracts, purified or crade 
proteins, peptides, non-peptide compounds, synthetic micromolecular compounds and 
natural compoimds, can be used. 

Test compoimds useful in the assays described herein can also be antibodies that 
specifically bind ZNFN3 Al or partial ZNFN3 Al peptides that lack methyl transferase 
activity. For example, antibodies (e.g., monoclonal antibodies) can be tested for the ability 
to block the binding between ZNFN3 Al and its substrate, S-adenosyl-L-methyonine or 
HSP90A. Similarly partial ZNFN3 Al peptides can be tested for the ability to inhibit the 
bmding between ZNFN3A1 and its substrate, S-adenosyl-L-methyonine or HSP90A can be 
used as inhibitors of ZNFN3A1 activity. Such antibodies and partial peptides can thus be 
used as inhibitors of ZNFN3A1 activity. 

As a method of screening for compounds that inhibit the binding between the 
ZNFN3 Al and S-adenosyl-L-methyonine, many methods well known by one skilled in the 
art can be used. Such a screening can be carried out as an in vitro assay system, for 
example, in acellular system. More specifically, first, either the polypeptide, or S- 
adenosyl-L-methyonine is boxmd to a support, and the other member is added together with 
a test sample thereto. Next, the mixture is incubated, washed, and the other member bound 
to the support is detected and/or measured. 

Examples of supports that may be used for binding proteins include insoluble 
polysaccharides, such as agarose, cellulose, and dextran; and synthetic resins, such as 
polyacrylamide, polystyrene, and silicon; preferably commercial available beads and plates 
(e.g., multi-well plates, biosensor chip, etc.) prepared from the above materials may be 
used. When using beads, they may be filled into a colvunn. 

The binding of a polypeptide or S-adenosyl-L-methyonine to a support may be 
conducted according to routine methods, such as chemical bonding, and physical 
adsoiptioEL Alternatively, a polypeptide may be bound to a support via antibodies 
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specifically recognizing the polypeptide. Moreover, binding of a polypeptide to a support 
can be also conducted by means of avidin and biotin binding. 

The binding between polypeptide and S-adenosyl-L-methyonine is carried out in 
buffer, for example, but are not limited to, phosphate buffer and Tris buffer, as long as the 
5 buffer does not inhibit the binding between the proteins. 

In the present invention, a biosensor using the surface plasmon resonance 
phenomenon may be used as a mean for detecting or quantifying the binding the 
polypeptide and S-adenosyl-L-methyonine. When such a biosensor is used, the interaction 
between the polypeptide and S-adenosyl-L-methyonine can be observed real-time as a. 

10 surface plasmon resonance signal, using only a minute amoimt of polypeptide and vsdtliout 
labeling (for example, BIAcore, Pharmacia). Therefore, it is possible to evaluate the 
binding between the polypeptide and polypeptide and S-adenosyl-L-methyonine using a 
biosensor such as BIAcore. 

Alternatively, either the polypeptide or polypeptide and S-adenosyl-L-methyonine, 

15 may be labeled, and the label may be used to detect or measure the bound polypeptide or 
polypeptide and S-adenosyl-L-methyonine. Specifically, after pre-labeling one of the 
polypeptide or S-adenosyl-L-methyonine, the labeled member is contacted with the otlier 
member in the presence of a test compoimd, and then, bound member are detected or 
measured according to the label after washing. 

20 Labelmg substances such as radioisotope (e.g., ^H, ^^C, ^^P, ^^P, ^^S, ^^^I, ^^^I), 

enzymes (e.g., alkaline phosphatase, horseradish peroxidase, p-galactosidase, P- 
glucosidase), fluorescent substances (e.g., fluorescein isothiosyanete (FITC), rhodamLne), 
and biotin/avidin, may be used for the labeling of a polypeptide or S-adenosyl-L- 
methyonine in the present method. When the polypeptide or S-adenosyl-L-methyonine is 

25 labeled with radioisotope, the detection or measurement can be carried out by liquid 
scintillation. Altematively, polypeptide or S-adenosyl-L-methyonine labeled with 
enzymes can be detected or measured by adding a substrate of the enzyme to detect tbie 
enzymatic change of the substrate, such as generation of color, with absoiptiometer. 
Further, in case where a fluorescent substance is used as the label, the bound member may 

30 be detected or measured using fluorophotometer. 

Furthermore, the binding of the polypeptide and S-adenosyl-L-methyonine can be 
also detected or measured using antibodies to the polypeptide. For example, after 
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contacting the S-adenosyl-L-methyonine inunobilized on a support with a test compoxind 
and the polypeptide, the mixture is incubated and washed, and detection or measurement 
can be conducted using an antibody against the polypeptide. 

In case of using an antibody in the present screening, the antibody is preferably 
5 labeled with one of the labeliug substances mentioned above, and detected or measured 
based on the labeling substance. Furthermore, the antibody bound to the protein in the 
screening of the present invention may be detected or measured using protein G or protein 
A column. 

The compoimd isolated by the screening is a candidate for drugs that inhibit the 

10 methyl transferase activity of ZNFN3A1 and can be applied to the treatment or prevention 
of HCC or colorectal cancer. 

Moreover, compounds in which a part of the stmcture of the compoimd inhibiting 
the methyl transferase activity of ZNFN3 Al is converted by addition, deletion and/or 
replacement are also included in the compounds obtainable by the screening method of the 

1 5 present invention. 

As noted above, the compounds that inhibit the methyl transferase activity of 
ZNFN3 Al can be either partial peptides that lack the methyl transferase activity of 
ZNFN3A1 or can be antibodies against ZNFN3A1. As used herein, the term "antibody" 
refers to an immunoglobulin molecule having a specific structure, that interacts (i.e., binds) 

20 only with the antigen that was used for synthesizing the antibody or with an^antigen closely 
related thereto. Furthermore, an antibody may be a fragment of an antibody or a modified 
antibody, so long as it binds to the proteins encoded by ZNFN3A1 gene. For instance, the 
antibody fragment may be Fab, F(ab')2, Fv, or single chain Fv (scFv), in which Fv 
fragments from H and L chains are ligated by an appropriate linker (Huston J. S. et al. Proc. 

25 Natl. Acad. Sci. U.S.A. 85:5879-5883 (1988)). More specifically, an antibody fragment 
may be generated by treating an antibody with an enzyme, such as papain or pepsin. 
Alternatively, a gene encoding the antibody fragment may be constructed, inserted into an 
expression vector, and expressed in an appropriate host cell (see, for example, Co M, S. et 
al. J. hnmunoL 152:2968-2976 (1994); Better M. and Horwitz A. H. Methods Enzymol. 

30 178:476-496 (1989); Pluckthun A. and Skerra A. Methods Enzymol. 178:497-515 (1 989); 
Lamoyi E. Methods Enzymol. 121:652-663 (1986); Rousseaux J. et al. Methods Enzymol. 
121:663-669 (1986); Bhd R. E. and Walker B. W. Trends BiotechnoL 9:132-137 (1991)). 
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An antibody may be modlQed by conjugation with a variety of molecules, such as 
polyethylene glycol (PEG). The present invention provides such modified antibodies. The 
modified antibody can be obtained by chemically modifying an antibody. Such 
modification methods are conventional in the field. Altematively, an antibody may 
5 comprise as a chimeric antibody having a variable region derived from a nonhuman 

antibody and a constant region derived from a human antibody, or a humanized antibody, 
comprising a complementarity determining region (CDR) derived from a nonhimian 
antibody, the firame work region (FR) derived from a human antibody and the constant 

* 

region- Such antibodies can be prepared by using known technologies. Humanization can 

10 be performed by substituting rodent CDRs or CDR sequences for the corresponding 

sequences of a human antibody (see e.g., Verhoeyen et al, Science 239:1534-1536 (1988)). 
Accordingly, such humanized antibodies are chimeric antibodies, wherein substantially 
less than an intact human variable domain has been substituted by the corresponding 
sequence from a non-human species. 

15 Fully human antibodies comprising human variable regions in addition to human 

framework and constant regions can also be used. Such antibodies can be produced using 
various techniques known in the art. For example in vitro methods involve use of 
recombinant libraries of human antibody fragments displayed on bacteriophage (e.g., 
Hoogenboom & Winter, J. Mol. Biol. 227:381 (1991), Similarly, human antibodies can be 

20 made by introducing of hxmian immunoglobiilin loci into transgenic animals, e.g., mice in 
which the endogenous immunoglobulin genes have been partially or completely 
inactivated. This approach is described, e.g., in U.S. Patent Nos. 6,150,584, 5,545,807; 
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016. 

When administrating the compound isolated by the method of the iavention as a 

25 pharmaceutical for humans and other mammals, such as mice, rats, guinea-pigs, rabbits, 

cats, dogs, sheep, pigs, cattie, monkeys, baboons, and chimpanzees, the isolated compound 
can be directiy administered or can be formiilated into a dosage form using known 
pharmaceutical preparation methods. For example, according to the need,- the drugs can be 
taken orally, as sugar-coated tablets, capsules, elixirs and microcapsules, or non-orally, in 

30 the form of injections of sterile solutions or suspensions with water or any other 

phannaceutically acceptable liquid. For example, the compounds can be mixed with 
pharmaceutically acceptable carriers or media, specifically, sterilized water, physiological 
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saline, plant-oils, emulsifiers, suspending agents, surfactants, stabilizers, flavoring agents, 
excipients, vehicles, preservatives, binders, and such, in a unit dose form required for 
generally accepted drug implementation. The amoimt of active ingredients in these 
preparations makes a suitable dosage within the indicated range acquirable. 
5 Examples of additives that can be mixed to tablets and capsules are, binders such as 

gelatin, com starch, tragacanth gum and arable gimi; excipients such as crystalline 
cellulose; swelling agents such as com starch, gelatin and alginic acid; lubricants such as 
magnesium stearate; sweeteners such as sucrose, lactose or saccharin; and flavoring agents 
such as peppermint, Gaultheria adenothrix oil and cherry. When the unit-dose form is a 

10 capsule, a liquid carrier, such as an oil, can also be further included in the above 

ingredients. Sterile composites for injections can be formulated following normal drug 
implementations using vehicles such as distilled water used for injections. 

Physiological saline, glucose, and other isotonic Uquids including adjuvants, such 
as D-sorbitol, D-mannnose, D-mannitol, and sodiimi chloride, can be used as aqueoxis 

15 solutions for injections. These can be used in conjunction with suitable solubilizers, such 
as alcohol, specifically ethanol, polyalcohols such as propylene glycol and polyethylene 
glycol, non-ionic surfactants, such as Polysorbate 80 (TM) and HCO-50. 

Sesame oil or Soy-bean oil can be used as. a oleaginous liquid and may be used in 
conjunction with ben2yl benzoate or benzyl alcohol as a solubilizer and may be formulated 

20 with a buffer, such as phosphate buffer and sodiiim acetate buffer; a pain-killer, such as 
procaine hydrochloride; a stabilizer, such as benzyl alcohol and phenol; and an anti- 
oxidant The prepared injection may be filled into a suitable ampxile. 

Methods well known to one skilled in the art may be used to administer the 
pharmaceutical composition of the present invention to patients, for example as 

25 intraarterial, intravenous, or percutaneous injections and also as intranasal, transbronchial, 
intramuscular or oral administrations. The dosage and method of administration vary 
according to the body- weight and age of a patient and the administration method; however, 
one skilled in the art can routinely select a suitable metod of administration. If said 
compound is encodable by a DNA, the DNA can be inserted into a vector for gene therapy 

30 and the Vector administered to a patient to perform the therapy. The dosage and method of 
administration vary according to the body- weight, age, and sympton[is of the patient but 
one skilled in the art can suitably select them. 
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For example, although the dose of a compoimd that binds to the ZNFN3A1 and 
regulates its activity depends on the synoiptoms, the dose is about 0.1 mg to about 100 mg 
per day, preferably about 1 .0 noLg to about 50 mg per day and more preferably about 1 .0 mg 
to about 20 mg per day, when administered orally to a normal adult (weight 60 kg), 
5 When administering parenterally, in the form of an injection to a normal adult 

(weight 60 kg), although there are some differences according to the patient, target organ, 
symptoms and method of administration, it is convenient to intravenously inject a dose of 
about 0.01 mg to about 30 mg per day, preferably about 0.1 to about 20 mg per day and 
more preferably about 0.1 to about 10 mg per day. Also, in the case of other animals too, it 
10 is possible to administer an amount converted to 60 kgs of body- weight. 

The present invention further provides a method for treating a HCC or colorectal 
cancer in a subject. Administration can be prophylactic or therapeutic to a subject at risk 
of (or susceptible to) a disorder or having a disorder associated with aberrant the methyl 
transferase activity of ZNFN3A1. The method includes decreasing the function of 
1 5 ZNFN3 Al in a HCC or colorectal cancer cell. Function can be inhibited through the 

administration of a compoimd obtained by the screening method of the present invention. 

In another aspect the invention includes pharmaceutical, or therapeutic, 
compositions containing one or more therapeutic compounds described herein. 
Altematively, the present invention also provides use of one or more therapeutic 
20 compounds described herein for manufacturing a pharmaceutical, or therapeutic, 
compositions for treating and / or preventing of HCC or colorectal cancer. 
Pharmaceutical formulations may include those suitable for oral, rectal, nasal, topical 
(including buccal and sub-lingual), vaginal or parenteral (including intramuscular, sub- 
cutaneous and intravenous) administration, or for administration by inhalation or 
25 insxjfflation. The formulations may, where appropriate, be conveniently presented in 

discrete dosage units and may be prepared by any of the methods well known in the art of 
pharmacy. All such pharmacy methods include the steps of bringing into association the 
active compound with liquid carriers or fibaely divided solid carriers or both as needed and 
then, if necessary, shaping the product into the desired formulation. 
30 Pharmaceutical formulations suitable for oral administration may conveniently be 

presented as discrete units, such as capsules, cachets or tablets, each containing a 
predetermined amoimt of the active ingredient; as a powder or granules; or as a solution, a 
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suspension or as an emulsion. The active ingredient may also be presented as a bolus 
electuary or paste, and be in a pure form, /.e., without a carrier. Tablets and capsules for 
oral administration may contain conventional recipients suoli as binding agents, fillers, 
lubricants, disintegrant or wetting agents. A tablet may be made by compression or 
5 molding, optionally with one or more formvilational ingredients. Compressed tablets may 
be prepared by compressing in a suitable machine the active ingredients in a free-flowing 
form such as a powder or granules, optionally mixed with a binder, lubricant, inert diluent, 
lubricating, surface active or dispersing agent Molded tabfets may be made by molding in 
a suitable machine a mixture of the powdered compound moistened with an inert liquid 

10 diluent. The tablets may be coated according to methods w&ll known in the art. Oral flxiid 
preparations may be in the form of, for example, aqueous oir oily suspensions, solutions, 
emulsions, syrups or elixirs, or may be presented as a dry product for constitution with 
water or other suitable vehicle before use. Such liquid preparations may contain 
conventional additives such as suspending agents, emulsifying agents, non-aqueous 

1 5 vehicles (which may include edible oils), or preservatives. The tablets may optionally be 
formulated so as to provide slow or controlled release of the active ingredient therein. 

Formulations for parenteral administration include a-queous and non-aqueous sterile 
injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes 
which render the formulation isotonic with the blood of the intended recipient; and 

20 aqueous and non-aqueous sterile suspensions which may include suspending agents and 

thickening agents. The formulations may be presented in Tinit dose or multi-dose containers, 
for example sealed ampoules and vials, and may be stored txi a fireeze-dried (lyophilized) 
condition requiring only the addition of the sterile liquid carrier, for example, saline, water- 
for-injection, immediately prior to use. Alternatively, the foimulations may be presented 

25 for continuous infusion. Extemporaneous injection solutions and suspensions may be 
prepared from sterile powders, granules and tablets of the kind previously described. 

Formulations for rectal adniinistration may be prese3ited as a suppository with the 
iisual carriers such as cocoa butter or polyethylene glycol. Pormulations for topical 
administration in the mouth, for example buccally or subliagually, include lozenges, 

30 comprisiiig the active ingredient in a flavored base such as sucrose and acacia or tragacanth, 
and pastilles comprising the active ingredient in a base sucbi as gelatin and glycerin or 
sucrose and acacia. For intra-nasal administration the compounds obtained by the 
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invention may be xised as a liquid spray or dispersible powder or in the form of drops. 
Drops may be formulated with an aqueous or non-aqueous base also comprising one or 
more dispersing agents, solubilizing agents or suspending agents. Liquid sprays are 
conveniently delivered from pressurized packs. 
5 For administration by inhalation the compounds are convenientiy delivered from an 

insufflator, nebulizer, pressurized packs or other convenient means of delivering an aerosol 
spray. Pressurized packs may comprise a suitable propellant such as 
dichlorodifluoromethane, trichlorofluoromethane, dichiorotetrafluoroethane, carbon 
dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit may be 

10 determined by providing a valve to deliver a metered amount. 

Alternatively, for administration by inhalation or insufflation, tiie compounds may 
take the form of a dry powder composition, for example a powder mix of the compound 
and a suitable powder base such as lactose or starch. The powder composition may be 
presented in unit dosage form, in for example, capsules, cartridges, gelatin or blister packs 

1 5 from which the powder may be administered with the aid of an inhalator or insufflators. 

When desired, the above described formulations, adapted to give sustained release 
of the active ingredient, may be employed. The pharmaceutical compositions may also 
contain other active ingredients such as antimicrobial agents, immunosuppressants or 
preservatives. 

20 It should be xmderstood that in addition to the ingredients particularly mentioned 

above, the formulations of this invention may include other agents conventional in the art 
having regard to the type of formulation in question, for example, those suitable for oral 
administration may include flavoring agents. 

Preferred imit dosage formulations are those containing an effective dose, as recited 

25 below, or an appropriate fraction thereof, of the active ingredient 

For each of the aforementioned conditions, the compositions may be administered 
orally or via injection at a dose of from about 0.1 to about 250 mg/kg per day. The dose 
range for adult humans is generally from about 5 mg to about 17.5 g/day, preferably about 
5 mg to about 10 g/day, and most preferably about 100 mg to about 3 g/day. Tablets or 

30 other unit dosage forms of presentation provided in discrete units may convenientiy 
contain an amount which is effective at such dosage or as a multiple of the same, for 
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instance, units containing about 5 mg to about 500 mg, usually from about 100 mg to about 
500 mg. 

The phamiaceutical composition preferably is administered orally or by injection 
(intravenous or subcutaneous), and the precise amount administered to a subject will be the 
5 responsibility of the attendant physician. However, the dose employed will depend upon a 
number of factors, including the age and sex of the subject, the precise disorder being 
treated, and its severity. Also the route of administration may vary depending upon the 
condition and its severity. 

Example 1: General Methods 

10 In vitro histone methvl transferase (HMTase^ assay. 

293 T cells were transfected with plasmid expressing Flag-tagged ZNFN3 Al 
(pFLAG-CMV-ZNFN3 Al), SET7 protein or mock, and purified tagged protems by 
immunoprecipitation with anti-Flag antibody. In vitro HMTase assay was performed 
according to the protocol (1) with a slight modification. Briefly, immunoprecipitated 

1 5 protein was incubated with 25 |ig of firee histones (mixture of H3, H2B, H2A and H4; 

Roche) as substrates and 2.5 |j.Ci S-adenosyl-L-[methyl-^H] methionine as methyl donor in 
a mixture of 40 |al of methylase activity buffer (50 mM Tris-HCl pH 8.5, 20 mM KCl, 10 
mM MgCl2, 10 mM P-mercaptoethanol, 250 mM sucrose), for 60 min at 37 °C. For the 
measurement of histone H3 methyltransferase activity, immunoprecipitated protein was 

20 incubated with 1 |ag of recombinant histone H3 protein (Upstate) as substrates and 2 ^iCi 
S-adenosyl-L-[7we//2y/- H] methionine (SAM) (Amersham Biosciences) as inethyl donor in 
a mixture of 20 ^il of methylase activity buffer (50 mM Tris-HCl pH 8.5, 100 mM NaCl, 10 
mM DTT), for 1 hr at 30 °C. Proteins were separated by 18% SDS-PAGE and visualized 
by Coomassie staining and fluorography. 

25 In vitro histone H3 methvltransferase (HMTase^ assav . 

H3-K4 specific methyltransferase activity was examined by westem blot analysis 
of xccombmaxit Xenopiis H3 protein (UBI) incubated with the immimoprecipitants in the 
presence of 20 |j,M imlabeled S-adenosyl-L-methyonine (SAM) and 2 jig of HSP90Afor 1 
hr at 30°C, using antibodies against mono-metylated (Abeam; ab8895), di-methylated 

30 (Abeam; ab7766), tri-methylated (Abeam; ab8580) H3-K4, total H3 (Abeam; abl791), or 
tri-methylated H3-K9 (UBI; 07523). Lysates of cells transfected with plasmid expressing 
Flag-tagged wild-type ZMTSr3Al, mutant ZNFN3A1, SET7/9, SUV39H1, or mock were 
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iminunoprecipitated with anti-Flag antibody (Sigma). Peptides to di-methylated H3-K4 
(Abeam; ab7768, ARTK-Me2-QTAR-GGC) and di-methylated H3-K9 (Abeam; abl772, 
QTARK-Me2-ST-GGC) were used for competition assay. Recombinant ZNFN3A1 was 
expressed in E, coli bacteria with plasmids expressing GST-fiised ZNFN3 Al or in Sf9 cells 
5 with plasmids expressing HA-tagged ZNFN3 Al . H3-methyltransferase activity was also 
analyzed in the presence or absence of 0.04U SAHH (Sigma) using immxmoprecipitated 
ZNFN3 Al protein or recombinant ZNFN3 Al purified firom Sf9 cells. 

Colony-formation assay 

The entire coding sequences of wild-type ZNFN3A1 and mutant ZNFN3 Al (AEEL and 
10 ANHSC) were cloned into the appropriate cloning sites of p3xFLAG-CMV-10 (SIGMA). 
Plasmids designed to express the sense strand of wild-type ZNFN3 Al (p3xFLAG-CMV- 
ZNFN3A1) or mutant ZNFN3A1 (p3xFLAG-CMV-ZNFN3Al-AEEL, p3xFLAG-CMV- 
ZNFN3A1-ANHSC), or control plasmid (p3xFLAG-CMV-10), were transfected into 
HEK293, colorectal cancer or hepatoma cells using FuGENE6 reagent according to the 
15 supplier's reconmiendations (Roche). Transfected cells were maintained in cxilture media 
supplemented with an optimized concentration of geneticin. Cell viability was measured 
by Cell Covmting Kit-S according to the manufacturer's protocol (DOJINDO). 

Identification of downstream senes bv cDNA microarrav. 

* 

HEK293 cells expressing no ZNFN3 Al were transfected with either pcDNA- 
20 ZNFN3 Al or mock vector. RNA was extracted at 1 8 h after transfection, labeled with Cy3 

■ 

or Cy5 dye, and subjected to co-hybridization onto in-house cDNA microarray slides 
containing 13,824 genes as described previously (2, 3). After normalization of the data, 
genes with signals higher than the cut-off value were further analyzed. 

Chromatin immunoprecipitation (ChIP) Assays. 

25 HEK293, HepG2 and Huh7cells were transfected with pFLAG-CMV-ZNFN3Al 

and then fixed in 1% formaldehyde. The fixed chromatin samples were subjected to 
immimoprecipitation using ChIP assay kit according to the manufacturer's instructions 
(Promega). DNA firom the HEIC293 cells was precipitated with anti-Flag antibody or anti- 
di-methylated histone H3 antibody, DNA firom HepG2 or Huh7 cells with anti-ZNFN3Al 

30 antibody. The sets of primers used for ChIP assay were shown in Table 1. 
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Table 1 Primers used for ChIP assay SEQ ID No; 
Nkx2.8 

ChlP-1; F: 5'-TGCATTATTCCGGACTGAACAAATGC-3' 25 

. R: 5'-GTTGCTAAATTGTAGCGAAGGGCTC-3' 26 

ChlP-2; F: 5-ACCCAAGTACAGAGCCCTTCGCTAC-3' 27 

R: 5'-TCACTGCCTGGGCTTTGGTCTTTG-3' 28 

ChlP-3; F: 5'-GACCAAAGCCCAGGCAGTGAGAGTG-3' 29 

R: 5'-CTGAGGAAGGGCTGGGACAACATTC-3' 30 
ChlP-4; F: 5'-TGGCTACAAGCCTCTTCTGTTTTGC-3' 31 
R: 5'-AGGGGTGGGTTTATTAGCACCCAGG-3' 32 

Lucifer ase Assay. 

r 



The fragment of Nkx2.8 promoter were amplified by PGR using a set of primer, 5'- 
AGCGGGCCTGGTACCAAATTTGTG-S' (SEQ ID NO;46) and 5'- 
CCGGGATGCTAGCGCATTTACAGC-S' (SEQ ID NO;47), and cloned the product into 
5 pGL3 basic vector (pGL3-Nkx2.8-wtZBE). Mutant reporter plasmids (pGL3-Nkx2.8- 
mutZBE) were prepared by replacing the ZNFN3A1 -binding sequences (CCCTCCT to 
CCGACCT and GAGGGG to GTCGGG) in pGL3-Nkx2.8-wtZBE using the QuickChange 
Site-Directed Mutagenesis Kit according to the supplier's recommendations (Stratagene). 
Luciferase assays were carried out using a Dual-Luciferase Reporter Assay System 
10 according to the manufacturer's instructions (Promega). 

Establishment of HEK293-Nkx2,8Luc cells, 

♦ • 

Stable transformant of HEK293-Nkx2.8Luc cells were established by the 
transfection with pGL3-Nkx2.8-wtZBE and pcDNA(+)3.1 plasmids (10 : 1) into HEK293 
cells using FuGENE6 reagent according to the suppUer's recommendations (Roche). 
15 Transfected cells were maintained in culture media supplemented with 0.9 jig/jAl of 
geneticin, and single colonies were selected two weeks after transfection. 

Cell lines 

Human embryonic kidney 293 (HEK293) and himian cervical cancer (HeLa) cells were 
obtained from IWAKI. A human hepatoma cell line HepG2, a human cervical cancer line 
20 HeLa, and a human colon cancer line HCT 116 were obtained from the American Type 
Culture Collection (ATCC). Another human hepatoma cell line Huh7 was obtained from 
Japanese Collection of Research Bioresources (JCRB), while SNU423 and SNU475 were 
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obtained from the Korea cell-line bank. All cell lines were grown in monolayers in 
appropriate media. 

RT-PCR 

Standard RT-PCR was carried out in a 20 nl volume of PGR buffer (TAKARA), and 
5 amplified for 4 min at 94 °C for denaturing, followed by 30 cycles of 94 °C for 30 s, 56 
for 30 s, 72 °C for 30 s, in the Gene Amp PGR system 9700 (Perkin-Elmer). Primer 
sequences used for the RT-PGR experiments were shown in table2. 



Table 2 Primers used for RT-PCR SEQ ID No; 



GAPDH; F: 5'-AGAACAGCCTCAAGATCATCAG-3' 1 

R: 5'-GGTCCACCACTGACACGTTG-3' 2 

ZNFN3A1; F: 5'-TTCCCGATATCAACATCTACCAG-3' 3 

R: 5'-AGTGTGTGAGCTCAATAAGGCAT-3' 4 

Nkx2.8; F: 5'-AATCATCGCTAGAAGCTGAAGCGTG-3' 5 

R: 5'-GGATAAAATCTAACTCTGGGGCTGG-3' 6 

C/EBPS; F: 5'-AGGTCTTGAAGAGGAATGAGAAG-3' 7 

R: 5'-GCATGCTCAGTCTTTTCCTCTTA-3' 8 

NkxZS; F: 5'-GTGCTCTTCTCGCAGGCGCAG-3* 9 

R: 5'-ATAGCATGCAGCGTGGAGAGTC-3' 10 

WntlOB; F; 5'-GATAGGCACAAGCGCAATTGT-3' 11 

R: 5'-GAAACAGGAAGGAAGAAGAAGTG-3' 12 

PIK3CB; F: 5'-AGTTAAACAGAGCCAAAGGGAAG-3' 13 

R: 5'-CTGTAGTCTTTCCGAACTGTGTG-3' 14 

NEURL; F: 5'-GAGACCATGTTGGTCAAGGTGACG-3' 15 

R: 5'-GGTGTTGATAGGAAATGGTGCAGTG-3' 16 

PSMD9; F: 5'-GCGTTTGGAGAAGAGGGAAAGGGTG-3' 17 

R: 5'-GCTGATCTCAGGGCATAGCCAGGAG-3' 1 8 

ECEL1; F: 5'-AAAGGCTGAGTGCATCGTGCGTCTC-3' 19 

R: 5'-GGTAGGGAGGAGGAGGTGATrCGTG-3' 20 

APS; F: 5'-AGAGAATGCGTGATGCAGGTC-3' 21 

R: 5'-GGGGGTAGTAGAAGGAGTAGTGG-3' 22 

Seb4D; F: 5'-GGCACCACTTTGGTGCAGTACCAGG-3' 23 

R: 5'-GTCAGGCATGTCTGGAGAGTGGAGG-3' 24 



Western blot analysis of mutant forms of ZNFN3A1. 

Gells transfected with plasmids expressing wild type and various mutant forms of Flag- 
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tagged ZNFN3A1 was immunoblotted with anti-ZNFN3Al antibody or anti-Flag antibody. 
Plasmids expressing mutant forms of ZNFN3A1 were cloned into p3xFLAG-CMV-10 
vector with PCR products amplified using sets of primers listed in Table 3. 

SEQ ID 

Table 3 Primers used for constructing mutant-type ZNFN3A1 No: 

pSxFlag- F: 5'-CGGAATTCTGGCGTCGTCTGCGACCGCTG-3' 39 

ZNFN3A1 - A 1 ; R: 5'-GGGGTACCTTAGGATGCTCTGATGTTGGCGTC-3' 40 

p3xFlag- F: 5'-CGGAATTCAGACTCC GTTCGACTTCTTGGCAG-3' 41 

ZNFN3A1-A2; R: 5-GGGGTACCTTAGGATGCTCTGATGTTGGCGTC-3' 40 

pSxFlag- F: 5'-CGGAATTCCCGGAAGCAGCTGAGGGACCAGTAC-3' 42 

ZNFN3A1-A3; R: 5'-GGGGTACCTTAGGATGCTCtGATGTTGGCGTC-3' 40 

p3xFlag- F: 5'-CGGAATTCGATGGAGCCGCTGAAGGTGGAAAAG-3' 43 

ZNFN3A1-A4; R: 5'-GGGGTACCTTACCGGCGCTCCTCACTGGTC-3' 44 

p3xFlag- F: 5'-CGGAATTCGATGGAGCCGCTGAAGGTGGAAAAG-3' 43 

ZNFN3A1-A5; R: 5'-GGGGTACCTTAGtCTGGAGGATATCTGGGTTTG-3' 45 

Example 2:Determmation of Methyl Transferase Actvity of ZNFN3A1 

5 Proteins containing the wild-type SET domain of ZNFN3A1 and two forms of 

mutant protein that lacked one of the two regions were prepared, and cross-linked equal 
amount of each protein with [ H] -labeled SAM by exposure to UV-radiation. As shown in 
Fig. lb, the wild-type SET domain was capable of interacting with [^H] -labeled SAM and 
that neither of the mutants interacted with it, indicating the interaction of the SET domain 

1 0 with the methyl donor. The wild-type SET or control recombinant protein of SET7 was 
further incubated with [ H]-labeled SAM and a mixture of histones as substrates, and 
labeled protein after the separation on SDS-PAGE was measured. As expected, a strong 
band corresponding to [^Hj-labeled histone H3 protein by the control SET7 (Fig. Ic, lane 
3) was detected. When substrates were incubated with the wild-type SET of ZNFN3 Al , a 

1 5 faint band corresponding to labeled histone H3 was detected, which was not observed with 
mock (Fig. Ic, lane 1 and 2). 

Since yeast two-hybrid screening identified HSP90A as an interacting protein of 
ZNFN3A1, it was hypothesized that HSPPOAmight assist the protein folding of the SET. 
To test this hypothesis SAM and histones were incubated in combination with the wild- 

20 type SET and recombinant HSP90A protein, which resulted in enhanced methyl transferase 
activity onto histone H3 (Fig. Ic, lane 4 and 5). These data demonstrate that ZNFN3A1 
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regulates expression of downstream genes through modification of chromatin structure and 
the associated RNA polymerase n activity. 

Example 3:Histone H3 methyltransferase activity of Z]>}FN3A1 

Since proteins containing SET domain play a crucial role in methylation of histone H3 

5 lysine 4 (H3-K4) or lysine 9 (H3-K9), we investigated whether ZNFN3 Al has an ability to 
methylate H3-K4 or H3-K9. We incubated recombinant histone H3 in the presence of 
SAM and HSP90A with wild-type or mutant ZNFN3 Al , or SET7 in vitro. In agreement 
with previous reports(26), SET7 enhanced mono- and di-methylation of H3-K4, but did not 
induce its tri-methylation (Fig. 2a, lane 2). On the other hand, the wild-type ZNFN3A1 

10 did not lead to mono-methyladon. However, it could cause di- and tri-methylation of H3- 
K4 (Fig. 2a, lane 3). This methylation was completely inhibited by addition of di- 
methylated H3-K4 peptides, but was unaffected by that of di-methylated H3-K9 peptides 
(Fig. 2b). The experiment usmg H3-K9 indicated that H3-K9 was methylated by neither 
wild-type nor mutant ZNFN3A1 (Fig. 2c), suggesting that ZNFN3 Al has the H3-K4- 

1 5 specific methyltransferase activity. 

Example 4:Histone H3-K4 methyltransferase activity of recombinant ZNFN3A1. 

In addition, the entire coding region of wild type or mutant ZNFN3 Al was cloned into an 
appropriate cloning site of pGEX6P-l vector, and expressed in the DHIOB cells. 
Recombinant GST-ZNFN3A1 fusion protein was purified wilb Sepharose 4B beads 

20 (Amersham), and recombinant ZNFN3 Al was further separated using Precision protease 
(Amersham) according to the supplier's protocols (Figure 3 a, lane 4). The recombinant 
ZNFN3 Al also showed an HMTase activity to histone H3 in vitro (Figure 3b). Western 
blot analysis using anti-di-methylated and anti-tri-methylated H3-K4 antibodies confirmed 
that the recombinant ZNFN3A1 induced di-methylation and tri-methylation on histone H3- 

25 K4 (Figure 3c, upper and lower panel, respectively). Since S-adenosyl homocysteine 

hydrolase (SAHH) hydrolyzes SAH that is catalyzed fi'om SAM and mhibits methylation, 
and enhances the methyltransferase activity (4), we have investigated whether SAHH 
affect on the histone H3 methyltransferase activity of ZNFN3 Al . The H3 
methyltransferase activity of Flag-tagged ZNFN3A1 was significantly higher in tihie 

30 presence of SAHH than tbe absence of SAHH (Figure 3d). 

Example 5: Association between HMTase activity of ZNFN3A1 and proliferation of 
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cancer cells 

To analyze the effect of HMTase activity on cell growth, we carried out a colony- 
formation assay by transfecting plasmids expressing wild-type (p3xFLAG-CMV- 
ZNFN3A1) or HMTase-inactive mutant forms (p3xFLAG-CMV-ZNFN3Al-AEEL, 

5 p3xFLAG-CMV-ZNFN3Al-ANHSC) of ZNFN3A1, or control plasmids (p3xFLAG- 
CMV). Transduction of wild-type ZNFN3A1 produced markedly more colonies than 
control or mutant ZNFN3A1 in HEK293 cells expressing no endogenous ZNFN3A1, 
which recapitulated oncogenic activity of ZNFN3A1 (Fig. 4a). Consistently, transfection 
with p3xFLAG-CMV-23sfFN3 Al increased the number of colonies compared to the control 

10 in HCT116 colon cancer cells (Fig. 4b). On the other hand, that with p3xFLAG-CMV- 
ZNFN3A1-AEEL reduced the growth of HCT116 cells compared with p3xFLAG-CMV, 
suggesting that the mutant ZNFN3 Al may interfere the function of endogeneous 
ZNFN3A1. Additionally, we also investigated growth inhibitory effect of the mutant forms 
of plasmids in various colorectal cancer cell lines and hepatoma cell lines (Fig. 5). The 

1 5 result showed that transduction of HMTase-inactive ZNFN3 Al (p3xFLAG-CMV- 

ZNFN3A1-AEEL, p3xFLAG-CMV-ZNFN3Al-ANHSC) significantly reduced the growth 
of cancer cells compared to the control, which may suggest that HMTase activity of 
ZNFN3A1 associates with proliferation of colon cancer and hepatoma cells. 

Example 6: Identification of Genes Regulated by ZNFN3A1 
20 To identify downstream genes regulated by ZNFN3A1, pcDNA-ZNFN3Al was 

transfected into HEK293 cells that showed imdetectable level of ZNFN3Ai expression by 
RT-PCR, and monitored alterations in gene expression using cDNA microarray containing 
1 3 ,824 genes. Immunoblot analysis depicted time-dependent induction of ZNFN3 Al as 
early as 12 hours (Fig.6a), therefore RNA was extracted from cells transfected with 
25 pcDNA-ZNFN3Al and those with pcDNA-mock at 18 hours after transfection. The 

expression profile analysis identified 8 1 genes with altered expression including 62 genes 
that were up-regulated greater than three fold m pcDNA-ZNFN3 Al transfected cells 
compared with mock transfected cells, and 19 genes that were down-regulated less than 
three fold (Table 5). Among the 62 up-regulated genes, a set of oncogenes such as Myc, 
30 Crk, JunD, Mqf, and WntlOB, genes involved in cell cycle regulation (cyclin Gl, Cdk2 and 
Topoisomerase II), and homeobox genes {Nkx2,5, Nkx2.8 and LIMhomeobox protein 2) 
were found to be up-regulated by introduction of ZNFN3AL Associated with cyclinA and 
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cyclinE, cdk2 plays an crucial role for S-phase progression (5, 6), and the amplification of 
cyclinE/cdk2 complexes was shown to be involved in tumor progression in several tumors 
including CRC and HCC (7, 8). It is well known that homeobox genes are important 
factors for morphological change in development and for tumorigenesis (9). Therefore 
5 elevated expression of ZNFN3A1 plays a cmcial role in human carcinogenesis through the 
activation of these downstream genes. 

11 up-regulated genes mcludingiV3b:2.5, C/EBPS, Nkx2.5, WntlOB, PIK3CB, 
NEURL, PSMD9, ECELl, CRKL, APS, and Seb4D were selected , and semi-quantitative 
RT-PCR was performed using RNA firom the cells transfeqted with ZNFN3 Al or mock. 

1 0 The sets of primers used for semi-quantitative RT-PCR were shown in Table 2. 

Expectedly, the result corroborated enhanced expression of these genes by 
ZNFN3A1 (Fig. 6b). The putative ZNFN3 A 1 -binding sequences were searched within 
1.5-kb region upstream of transcription starting sites of Nkx2.8. Two sequences were 
identified(Fig. 7a). Subsequent chromatin immunoprecipitation (ChIP) assay using cells 

1 5 transfected with pFLAG-ZNPN3 Al and anti-Flag M2 antibody confirmed that one 

genomic segment (ChIP-4) containing these sequences associated with ZNFN3A1, and that 
other segments (ChIP-1, -2, and -3) with no ZNFN3A1 -binding sequences did not (Fig. 7b). 
The ChIP-4 segment contained two putative binding sequences (CCCTCCT and 
GAGGGG) within -510 bp to -467 bp of the 5' flanking region (Fig. 7a). Double stranded 

20 oligonucleotide probe was prepared containing this ZNFN3 Al -binding element (ZBE), and 
in vitro binding assay was performed, using recombinant GST, GST-ZNFN3A1, and GST- 
wtTcf4 as a control (Fig. 7c). The probe used for in vitro binding assay are shown in Table 
4. 

Table 4 Oligonucleotides used for in ,p ^q. 
vitro binding assay . 



33 



34 



F: 5'-TTACGCCCTCCTGAAACTTGT 
CATCCTGAATCTTAGAGGGGCCC-3' 

R: 5'-GGGCCCCTCTAAGATTCAGGA 
TGACAAGTTTCAGGAGGGCGTAA-3' 

wtTBMi F: 5'-CCCTTTGATGTTAGC-3' 35 

R: 5'-GGTAAGATCAAAGGG-3' 36 

mtJBM; F: 5'-CCCTTTGGCGTTACC-3' 37 

R: 5'-GGTAAGGCCAAAGGG-3' 38 
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The results indicate that oligonucleotide probe containing wild-type Tcf4-binding 
motif (wtTBM) associated with GST-wtTcf4 but not with GST or GST-ZNFN3A1 protein. 
Similarly, although ZBE did not associated with GST, it was capable to bind with GST- 
ZNFN3 Al protein. Furthermore, it was detemiined that the interaction was inhibited by 



5 the addition of cold competitor DNA, suggesting specific interaction between GST- 
ZNFN3 Al and ZBE. 

Table 5 Up-regulated and down-regulated genes by ZNFN3A1 



Category 


Unlgene 


Accession 


Gene name 


Up-regulated genes 
Oncogene 


1 


Hs.25960 


BC002712 


V-myc myelocytomatosis viral related 
oncogene 


2 


Hs.5613 


NM_005207 


V-crk sarcoma virus CT10 oncogene iiomolog 
(avian)-lil<e 


3 


Hs.2780 


X51346 


Jun D proto-oncogene 


4 


Hs. 131 953 


NM_002360 


V-maf muscuioaponeurotic fibrosarcoma 
oncogene homolog K 


5 


Hs.gi985 


NjM_003394 


Wingless-type MMTV integration site family, 
member 10B 


Cell cycle 


6 


Hs.79101 


U47413 


Cyclin G1 


7 


Hs.19192 


X62071 


Cyclin-dependent kinase 2 


8 


Hs.75248 


U54831 


Topoisomerase (DNA) II beta 


Signal transduction 


9 


Hs.9195 


D21239 


Guanine nucleotide-releasing factor 2 


10 


Hs.239818 


S67334 


Phosphoinositide-S-kinase, catalytic, beta 
polypeptide 


11 


Hs.89449 


L32976 


Mitogen-activated protein kinase l<inase l<inase 
11 


12 


Hs.418506 


BC026254 


Insulin-like 4 


13 


Hs.21486 


NM_1 39266 


Signal transducer and activator of transcription 
1 


14 


Hs.31408 


NM 021168 


RAB40C, member RAS oncogene family 


15 


Hs.326392 


NM 005633 


Son of sevenless homolog 1 


16 


Hs.371366 


NM_020979 


Adaptor protein with pleckstrin homology and 
src homology 2 domains (APS) 



Adhesion 
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17 


Hs. 138520 


AF057036 


Collagen-like tail subunit (single strand of 

nufnoinni&rj or ahyrnniGinc 

acetylcholinesterase 


18 


Hs.81226 


U66142 


CD6 antigen 


19 


Hs.82848 


XI 61 50 


Selectin L 


20 


Hs. 149609 


W52075 


Integrin, alpha 5 


21 


Hs.78146 


M28526 


Platelet/endothelial cell adhesion molecule 


22 


Hs. 172700 


U87864 


Neuralized'like 


23 


Hs.5302 


NM_006149 


Lectin, galactoside-binding, soluble, 4 



Receptor 



24 


Hs. 123055 


U03865 


Adrenergic, alpha-1B-, receptor 


25 


Hs. 123022 


J03853 


Adrenergic, alpha-2C-, receptor 


26 


Hs.4 18093 


XM 040709 


Prostaglandin F2 receptor negative regulator 


27 


Hs.26880 


AB030579 


Endothelin converting enzyme-like 1 



Morphology 



28 


Hs.54473 


U34962 


NK2 transcription factor related, locus 5 


29 


Hs.234763 


NM 014360 


NK2 transcription factor related, locus 8 


30 


Hs.1569 


AK027597 


LIM homeobox protein 2 


31 


Hs. 121 539 


L38518 


Sonic hedgehog homolog 



Transcription 



32 


Hs. 147049 


L12579 


Cut-like 1, CCAAT displacement protein 


33 


Hs.42712 


M64240 


MAX protein 


34 


Hs. 169832 


M58297 


Zinc finger protein 42 (myeloid-specific retinoic 
acid- responsive) 


35 


Hs.89657 


U13991 


TAP 10 RNA polymerase II, TATA box binding 
protein (TBP)-associated factor. 


36 


Hs.76722 


M83667 


CCAA T/enhancer binding protein (C/EBP), 
delta 


37 


Hs.35841 


L31881 


Nuclear factor l/X (CCAA T-binding transcription 
factor) 


38 


Hs. 130965 


AF309561 


Zinc-finger protein ZBRK1 


39 


Hs.96028 


NM_004472 


Forkhead box D1 . 


40 


Hs.22900 


AF1 25534 


Nuclear factor (erythroid-derived 2)-like 3 



Secreted 



41 


Hs.82963 


X01059 


Gonadotropin-releasing hormone 1 


42 


Hs.821 


J04599 


Biglycan 


43 


Hs.1473 


K02054 


Gastrin-releasing peptide 


44 


Hs.148101 


BC009356 


CDC42 effector protein (Rho GTPase binding) 
1 


45 


Hs. 11494 


NM 006329 


Pibulin 5 
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Various enzyme 







1 9nQ77 


ATPase, Ca++ transporting, plasma membrane 
2 


47 


Hs. 17081 9 


AJ006701 


SerineAhreonine kinase 29 


48 


Hs.277445 


ug4go5 


Diacylglycerol kinase, zeta 


49 


Hs.75438 


X04882 


Quinoid diliydropteridine reductase 


50 


Hs. 181 046 


LOS 147 


Dual specificity phosphatase 3 


51 


Hs.381034 


X78873 


Protein phosphatase 1, regulatory (inhibitor) 
subunit 2 


52 


Hs.274376 


NM 004038 


Amylase, alpha 1A; salivary 


Miscellaneous 


53 


Hs.11101 


U49089 


Discs, large (Drosophila) homolog 3 


54 


Hs.43627 


NM 006943 


SRY (sex determining region Y)-box 12 


55 


Hs.5648 


NM_002813 


Proteasome (prosome, macropain) 26S 
subunit, non-ATPase, 9 


56 


Hs.343575 


U23435 


AbNnteractor 2 


57 


Hs. 124024 


AF053700 


Deltex homolog 1 


58 


Hs.77492 


U23803 


Heterogeneous nuclear n'bonucleoprotein AO 


59 


Hs.635 


M76560 


Calciurn channel, voltage-dependent, beta 1 
subunit 


60 


Hs.279604 


AF055081 


Desmin 


61 


Hs.283429 


L25270 


Mox homolog, X chromosom 


62 


Hs.236361 


BC018711 


RNA'binding region (RNP1, RRM) containing 1 


Down-regulated genes 
Ceil cycle 


63 


Hs.82173 


U21847 


Transforming growth factor-beta-inducible early 
growth response protein 1 


64 


Hs.279862 


W81124 


Cdk inhibitor p21 binding protein 


Transcription 


65 


Hs.1 10637 


AF040714 


Homeo boxAlO 


66 


Hs.54424 


X76930 


Hepatocyte nuclear factor 4, alpha 


67 


Hs.1 02402 


NM_006454 


MAX dimerization protein 4 


68 


Hs.1 2940 


AK025236 


Zinc-fingers and homeoboxes 1 


Secreted 


69 


Hs.295944 


029992 


Tissue factor pathway inhibitor 2 


Various enzyme 


70 


Hs.90011 


AK025514 


Adenylosuccinate synthase 


71 


Hs.904 


U84010 


Amylo-1, 6-glucosidase, 4'alpha- 
glucanotransferase 
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72 


Hs.8248 


AK098395 


NADH denydpogenase (ubiqumonej /-e-o 
protein 1 


73 


Hs. 198272 


NM_004546 


NADH dehydrogenase (ubiquinone) 1 beta 
subcomplex, 2 


74 


Hs.2g5605 


AL832306 


Mannosidase, alptia, class 2A, member 2 


75 


Hs.211571 


U36787 


Holocytochrome c synthase 


76 


Hs.409g 


X93207 


Nardilysin (N-arginine dibasic convertase) 



Miscellaneous 



77 


Hs.81564 


NM_002619 


Platelet factor 4 


78 


Hs.77770 


D38293 


Adaptor-related protein complex 3, mu 2 
subunit 


70 


Hs.693 


M85085 


Cleavage stimulation factor, 3' pre-RNA, 
subunit 2 


80 


Hs.422986 


M 19383 


Annexin A4 


81 


Hs.123122 


X97249 


FSH primary response (LRPR1 homolog, rat) 1 



Example 7: ZNFN3A1 regulates transcriptional activity of Nkx2.8 

To examine whether ZBE is responsible for transactivation of Nkx2.8 in cancer 
cells, a reporter plasmid was prepared that was cloned the —791 to +109 of Nkx2.8 
including wild-type ZBE (pGL3-Nkx2.8-wtZBE) at an upstream region of luciferase gene 
5 as well as that including mutant ZBE (pGL3-Nkx2.8-mutZBE). These reporter plasmids 
were transfected into HepG2 or SNU475 cells, and their luciferase activity in the presence 
or absence of siRNA to ZNFN3A1 was measured (Fig. 7d). The mutant reporter plasmid 
revealed significantly lower activity than the wild-type plasmid in the cells, indicating that 
ZBE is responsible for the transactivation of Nkx2. 8 in the cells. Notably, co-transfection 
10 with plasmids expressing siRNAto ZNFN3A1 (psiU6BX-ZNFN3Al-12 were prepared by 
cloning the following double stranded oligonucleotide into the Bbsl site of the psiU6BX 
vector; Forward: 5 - 

CACCAACATCTACCAGCTGAAGGTGTTCAAGAGACACCTTCAGCTGGTAGATGT 
T-3XSEQ ID NO; 48), Reverse: 5*- 
1 5 AAAAAAC ATCTACC AGCTGAAGGTGTCTCTTGAAC ACCTTC AGCTGGTAGATGT 
T-3XSEQ ID NO; 49) (WO2004/76623)) reduced the luciferase activity of wild-type 
reporter plasmids compared to mock (psiU6BX-Mock), but it did not affect the activity of 
mutant plasmids. 

These data indicate that ZNFN3A1 directly regulates transcriptional activity of 
20 Nl<x2. 8 through the interaction to ZBE. 
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Example 8: Nkx2.8 is associated with HSP90A-depeiident BMTase activity of 
ZiNFNSAl 

To detennine whether HMTase activity of ZNFN3A1 associates with the 
expression of Nkx2.8, and whether HSP90A is involved in its regulation, HEK293 cells 
ware transfected with plasmids expressing wild-type or HMTase-inactive mutant- 
ZNFN3A1 (ZNFN3A1-AEEL and ZNFN3A1-ANHSC), aad semi-quantitative RT-PCR 
was performed using RNAs isolated from the transfected cells (Fig. 7e). As expected, 
although wild-type plasmid enhanced the expression of Mx2.8, both types of mutant 
plasmids failed to induce the expression. Furthermore, addition of geldanamycin, a 
specific inhibitor of HSP90A, suppressed the expression enhancement caused by wild-type 
ZNFN3A1 (Fig. 7e lane 3), which is consistent with the finding that HSP90A enhances 
HMTase activity of ZNFN3A1 in vitro (Fig. Ic). HEK293-Nkx2.8Luc cells that integrated 
the promoter region of Nkx2.8 and luciferase gene (pGL3-Nkx2.8-wtZBE) in the genome 
were established. Transfection with plasmids e3q)ressmg wild-type ZNFN3A1 increased 
the luciferase activity in a dose-dependent manner, whereas, that in addition of 2^M 
geldanamycin or that with HMTase-inactive mutant did not enhance the activity (Fig. 7f). 
Taten together, these results indictate that expression of Nkx2.8 is associated with 
HSP9pA-dependent HMTase activity of ZNFN3A1. 

Example 9: Association between ChaIP-4 region in theNkx2.8 promoter and 
ZNFN3A1 

We carried out an additional ChIP assay with anti-ZNFN3Al antibody using 
extracts from HepG2 or Huh? hepatoma cells that abundantly expressed ZNFN3A1, v/bich 
corroborated an interaction between endogenous ZNFN3A1 protein and the ChIP-4 region 
(Fig. 8a). Further ChIP assay with anti-di-methylated H3-K4 antibody revealed an 
association between di-methylated H3-K4 and the ChIP-4 region in HEK293 cells 
transfected with wild-type ZNFN3A1 (Fig. 8b). 

hidustrial Applicability 

The present inventors have shown that ZNFN3A1 has methyl transferase activity, 
and the suppression of the activity leads to inhibition of cell proliferation of cancer cells. 
Thus, agents that inhibit the methyl transferase activity or the binding of ZNFN3A1 and 
co-factor thereof prevent its activity have therapeutic utility as anti-cancer agents, 
particularly anti-cancer agents for the treatmeat of HCC or colorectal cancer. 
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It has been reported that the expression of ZNFN3A1 is up-regulated in HCC or 
colorectal cancer. Thus, the methods for detection of the methyltransfeiase activity of 
ZNFN3A1 according to the present invention is also useful for identification of these 
cancers. Specifically, cells showing higher methyltransferase activity compared to normal 
cells can be identified as cancer cells. 

Furthermore, a modulator that regulates the methyltransferase activity of 
ZNFN3A1 is also useful for identification of the cancers. For example, such a modulator 
can be used to confirm whether the methyltransferase activity detected in a subject cell is 
derived firom ZNFN3 Al . Specifically, when the methyltransferase activity is modified 
(inhibited or enhanced) by the modulator, the activity is judged as not behag false positive. 

All patents, patent applications, and publications cited herein are incorporated by 
reference in their entirety. Furthermore, while the invention has been described in detail 
and with reference to specific embodiments thereof it wiU be apparent to one skilled m the 
art that various changes and modifications can be made therein without departmg from the 
spirit and scope of the invention. 
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